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In this paper, we explore the possibility of a linearly polarized gamma-ray signal from dark matter 
annihilations in the Galactic center. Considering neutral weakly interacting massive particles, a polarized 
gamma-ray signal can be realized by a two-component dark matter model of Majorana fermions with an 
anapole moment. We discuss the spin alignment of such dark matter fermions in the Galactic center and 
then estimate the intensity and the polarizability of the ﬁnal-state electromagnetic radiation in the dark 
matter annihilations. For low-mass dark matter, the photon ﬂux at sub-GeV energies may be polarized 
at a level detectable in current X-ray polarimeters. Depending on the mass ratio between the ﬁnal-state 
fermion and DM, the degree of polarization at the mass threshold can reach 70% or even higher, providing 
us with a new tool for probing the nature of dark matter in future gamma-ray polarization experiments.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
Recent cosmological observations concordantly predict a spa-
tially ﬂat universe with 5% baryons, 25% cold dark matter (CDM), 
and 70% vacuum-like dark energy [1]. Unveiling the mystery of the 
dark components is one of the most important problems in sci-
ence. Although the nature of CDM is yet unknown, it has been 
successfully considered as elementary weakly interacting particles 
(WIMPs) with regard to the relic abundance and the formation of 
cosmic structures. Well-motivated candidates, such as the light-
est supersymmetric particle, extra dimension, hidden sector, and 
Higgs portal DM, have long been sought after in experimental di-
rect and indirect searches as well as at colliders. So far all searches 
for WIMPs remain elusive, giving us stringent constraints on the 
scattering cross-sections of WIMPs with Standard Model (SM) par-
ticles (see Ref. [2] for a recent review).
In the direct-detection experiment, presumably WIMPs in the 
Galactic dark CDM halo scatter with target nuclei in the detec-
tor that measures the recoil energy of the nuclei, with back-
ground contamination mostly removed by the signal discrimination 
method. The indirect detection of WIMPs accumulated in the solar 
core or Galactic center (GC) is to search for signals coming from 
their decay or annihilation products such as gamma (γ ) rays, po-
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SCOAP3.sitions, antiprotons, and neutrinos. This has been proven workable 
and is complementary to the direct detection; however, the ob-
servation is often masked by uncertain astrophysical background. 
The removal of the astrophysical background is a challenging prob-
lem, so any characteristic feature of an indirect signal will be 
very useful for us to distinguish between WIMPs and astrophysical 
background sources. Most studies of the indirect signals have con-
centrated on the spectral ﬂuxes of γ rays, positions, and neutrinos, 
whereas the polarization of γ rays has been scarcely discussed. 
Since future high-energy γ -ray detectors are equipped with sensi-
tive polarization capability [3], we aim to study the polarization 
of γ rays from WIMP annihilations in the GC that may enable 
us to separate the genuine signal from the astrophysical γ -ray 
background. Here we are concerned with linear polarization. The 
possibilities for a net circular polarization of γ rays from DM an-
nihilations or decays have been explored in Refs. [4–8].
2. Polarized DM
We consider neutral WIMPs that annihilate into SM particles. In 
order to have polarized γ rays in the annihilation products, WIMPs 
must carry spins that can be aligned by an external directional 
ﬁeld. One of possible DM models is Majorana fermions1 with an 
1 For Dirac DM, particles and antiparticles will be polarized along opposite direc-
tions and thus there is no preferred direction for DM annihilations. under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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proposed and studied [9–14] as a kind of DM that interacts with 
ordinary matter via a spin-current electromagnetic interaction. The 
interaction Hamiltonian in the non-relativistic limit is given by
HI = − g
2
σ · J , (1)
where g is a coupling constant,  is an energy scale, σ are the 
Pauli spin matrices, and J = ∇ × B is the electromagnetic current 
density.
Observation of stellar orbits in the GC has indicated that a su-
permassive black hole resides at the center of the Galaxy [15]. 
Collective electric currents associated with gas accretion onto the 
black hole create large-scale magnetic ﬁelds [16]. The electric cur-
rent density can be estimated as J ∼ B/h, where B is the magnetic 
ﬁeld strength and h is the thickness of the accretion disk. Then, the 
electromagnetic interaction energy (1) is of order
E I ∼ 10−29 eV g
(
GeV

)2( B
Gauss
)( rs
h
)(M
M
)
, (2)
where M is the mass of the black hole and rs ≡ 2GM is the 
Schwarzschild radius. Here we use M = 106M . The physical pa-
rameters in the accretion disk largely depend on the geometry 
and the temperature T of the disk [16]. For a thin and cold 
disk (h  rs and T < 0.1 keV), the gas energy density is typically 
about 1 g cm−3, whereas the gas is expanded to a density of about 
10−10 g cm−3 in a thick and hot disk (h  rs and T < 0.1 GeV). 
For equipartition magnetic ﬁelds, B ∼ 1011 Gauss and ∼ 106 Gauss
are in the thin-cold and the thick-hot disk, respectively. Assum-
ing g = 1 and  = 100 GeV, the interaction energy is at least 
E I ∼ 10−33 eV. For a thin-cold disk, E I 	 10−28 eV.
In the presence of the directional current, the degree of spin 
alignment of DM particles along the current ﬂow is governed by 
the Boltzmann factor, e−E I /Ts , where Ts is the spin temperature. 
It is diﬃcult to determine Ts , which would depend on the his-
tory of the DM halo formation and the baryonic environment. 
The dominant process for DM spin ﬂips in the GC is the DM-
proton scattering D p → D p. Direct searches severely constrain the 
DM-proton cross-section σD p→D p , which is spin-independent but 
velocity-suppressed in the case of anapole interactions. However, 
the bound becomes much less stringent for DM masses below 
5 GeV or so – for 1 GeV DM, the DM-nucleon cross-section can 
be as large as 10−38 cm2 (see, for instance, Fig. 6 in Ref. [17]).2
In a thick-hot disk, the proton number density in the GC is 
about np ∼ 1014 cm−3 and the proton velocity is vp ∼ 0.1c. In 
the following, we assume a typical DM velocity in the DM halo, 
vD ∼ 10−3c. The typical timescale for the scattering process is 
given by τ = (npσD p→D p v)−1 ∼ 108 yr, where the relative velocity 
is v ∼ vp ∼ 0.1c, which is smaller than the age of the Galaxy of or-
der 1010 yr. As such, one would expect that the DM spins are ran-
dom. However, in a thicker (h > rs) and/or less hot (T  0.1 GeV) 
disk, the scattering timescale may easily exceed 1010 yr. In this sit-
uation, if the initial Ts is smaller than E I , DM will stay in the lower 
energy states with spins lining up with the current.
On the other hand, the thin-cold disk has np ∼ 1024 cm−3 and 
vp ∼ 10−4c. Hence we have v ∼ vD ∼ 10−3c and that τ ∼ 10 yr, 
which is much shorter than the Galactic age. As a result of multiple 
2 Note that in the low-mass region, LHC searches using events with large missing 
transverse momentum and one or more energetic jets [18], in the context of simpli-
ﬁed models, set limits on the cross-section: σD p→D p  10−43 cm2 for the vector 
and axial-vector interactions. The LHC bounds in general do not apply to anapole 
interactions as they are usually loop-induced and hence there is no resonance en-
hancement from the mediator as in the simpliﬁed models.DM spin ﬂipping in the DM-proton scatterings, one would expect 
that DM spins are randomized and thus that Ts 	 E I . However, 
this argument is incomplete under the consideration of the princi-
ple of minimum energy, which suggests that DM particles will re-
lax to the ground states with spins lining up with the external cur-
rent. In fact, the mechanism responsible for the energy minimiza-
tion is the bremsstrahlung cooling process, D∗p → D p γ , where 
D(∗) is the ground (excited) state DM particle and γ emitted from 
the proton is the bremsstrahlung photon that carries away the 
DM kinetic energy and the excitation energy E I . The cross-section 
can be estimated [19] from the DM-proton scattering process as 
(α/π)σD p→D p . The transition time for DM from the excited to 
ground state, that is inversely proportional to (α/π)σD p→D pnp v , 
is τ ∼ 103 yr, which is again much shorter than the Galactic age. 
As long as the incoming particles have kinetic energy larger than 
the excitation energy, the same inverse process D p → D∗p γ is 
eﬃcient enough to reverse the spin. In the beginning, DM spins 
are randomized while their kinetic energy is being dissipated away 
by bremsstrahlung photons. During the course of the Galactic life-
time, most DM kinetic energy is lost through the bremsstrahlung 
cooling and subsequently a fraction of the DM is slowed down 
or even stopped. These slow-moving DM particles do not inter-
act with colder gas in the outer region of the disk and eventually 
de-excited to the ground state by emitting virtual photons to the 
current background. These virtual photons are absorbed in the cur-
rent by creating small perturbation in the current background of 
waveform, e−iE I t±iq·x , where q is the DM momentum transfer, and 
the scattering amplitude is proportional to J˜ (q) that is the Fourier 
transform of the current J (x). A detailed consideration of the cool-
ing process and the de-excitation will be needed to assess the 
fraction of the polarized DM particles.
The above estimates, though somewhat contrived, have sug-
gested that the anapole WIMPs may be polarized along the current 
ﬂow on the accretion disk in the GC if initial DM spin tempera-
tures are very low in some thick-hot disks. If the disk is thin and 
cold, a partial DM polarization may be possible. More detailed in-
vestigations should be in order, focusing on the formation of the 
DM halo and the accretion disk as well as the interaction between 
these two structures. This may help determining the DM spin tem-
perature in the DM halo core as well as assessing the amount of 
DM spin alignment with the electric current in the disk.
The main interest of the present work is to propose for the ﬁrst 
time a possibility of a linearly polarized γ -ray signal from DM an-
nihilations. Here we have restricted ourselves to a neutral WIMP 
scenario, simply assuming that the WIMPs are Majorana fermions 
whose anapole moment allows them to be polarized in the Galac-
tic core. Then, we consider the linear polarization of the γ rays 
from these DM annihilations. However, it would be interesting to 
explore other scenarios, for instance, by considering a dark mir-
ror universe in which DM particles carrying dark magnetic dipole 
moment are polarized in an external dark magnetic ﬁeld in the 
Galactic core. There exist many particle models for a dark mirror 
universe that contains dark photon; see, for instance, Refs. [20–24]. 
Therefore, it may not be impossible to realize in some models on 
what we have suggested. Overall, the capability of detecting linear 
polarization in future γ -ray observations will open a new window 
for us to look for DM and thus theoretical endeavors for a polar-
ized γ -ray signal should be warranted.
3. Phenomenological model
In this phenomenological model, we have two types of Majo-
rana DM particles χ1 and χ2 of the nearly equal mass mχ . The 
effective Lagrangian for the anapole interaction in terms of the 
4-component spinor notation reads
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and the DM polarization S is characterized by the polar and azimuthal angles, θ
and φ , respectively.
L⊃
(
g
21
ψ¯1γ
μγ 5ψ1 + g
22
ψ¯2γ
μγ 5ψ2
+ g
23
ψ¯1
(
iγ μ + Aγ μγ 5)ψ2
)
∂ν Fμν , (3)
where
ψ1 =
(
χ1
χ
†
1
)
, ψ2 =
(
χ2
χ
†
2
)
(4)
with χ1 and χ2 being two-component Weyl spinors.3 Interactions 
such as ψ¯iγ μψi do not exist since χ1 and χ2 are Majorana parti-
cles. Note that ψ¯1iγ μψ2 is Hermitian (real) which can be proven 
by the following equality:
χiσ
μχ
†
j = −χ †j σ¯ μχi . (5)
It is clear that χ1 and χ2 can be polarized along the same direc-
tion through electromagnetic anapole interactions, given a strong 
electric current in the GC, while the mixing term gives rise to the 
transition between χ1 and χ2, resulting in the equal amount of χ1
and χ2 if the transition is fast enough. Throughout this work, we 
assume that χ1 and χ2 are polarized along the same direction S , 
denoted by the azimuthal and polar angle, φ and θ respectively, as 
shown in Fig. 1 where we set the connection between GC and the 
sun to be the x-axis.
Due to the facts that we intend to study γ -ray polariza-
tions from annihilations of polarized χ1 and χ2 into SM fermions 
( f and f¯ ) followed by the ﬁnal state radiation as shown in Fig. 2
and that the current DM velocity is very low v ∼ 10−3c, relevant 
annihilation processes should be independent of the DM veloc-
ity, i.e., s-wave (total angular momentum of the DM system is 
zero, L = 0). For χ(1,2)χ(1,2) → γ → f¯ f , only one term in Eq. (3), 
ψ¯1γ
μψ2, has a component of L = 0 with a total spin S = 1 [26]. By 
contrast, terms involving γ 5 do have a s-wave component but with 
S = 0, and so there is no preferred direction for outgoing photon 
polarizations in this case. All in all, we consider only the domi-
nant process χ1χ2 → f¯ f induced by the operator ψ¯1γ μψ2. That 
is the reason why two Majorana DM χ1 and χ2 are required to 
create the polarized photon. As mentioned above, a Dirac DM can-
didate will not work as a particle will be polarized in an opposite 
direction to an antiparticle and thus there is no favored direction 
in particle-antiparticle annihilation.
Employing the Feynman rules for two-component Weyl spinors 
[25], on the DM side the amplitude of χ1 − χ2 annihilation into a 
3 We here follow the notations used in Ref. [25].SM fermion pair with a prompt photon emission is, in the limit of 
zero DM velocity,
iMμ1
(
ψ¯1γ
μψ2
)= ig
23
2mχ (0,− cos θ cosφ + i sinφ,
− cos θ sinφ − i cosφ, sin θ)q2, (6)
where q2, the transferred momentum squared, comes from ∂ν∂ν Aμ
and will be canceled by the denominator of the photon propa-
gator. The other contribution from ∂ν∂μAν vanishes when con-
tracted with ψ¯1γ μψ2, which can be understood by simply ap-
plying the equation of motion: ψ¯1(k1)(/k1 + /k2)ψ2(k2) ∼ ψ¯1(k1)×
(−mχ +mχ )ψ2(k2).
The amplitude on the SM side has two contributions corre-
sponding to the ﬁnal photon attached to either of the outgoing 
fermions. It is straightforward to compute the amplitude squared 
and sum over ﬁnal fermion spins. The result reads
M2μM∗2μ¯ = Q 2f e2
(
T r
[
γμ
(
/p2 − /q +m f
)
(p2 − q)2 −m2f
γν
(
/p1 −m f
)
× γν¯
(
/p2 − /q +m f
)
(p2 − q)2 −m2f
γμ¯
(
/p2 +m f
)]
+ T r
[
γν
(
/q − /p1 +m f
)
(q − p1)2 −m2f
γμ
(
/p1 −m f
)
× γμ¯
(
/q − /p1 +m f
)
(q − p1)2 −m2f
γν¯
(
/p2 +m f
)]
+mixing terms
)
∗ν (p3) ν¯ (p3) , (7)
where p1 (p2) is the momentum of f¯ ( f ), e is the electric cou-
pling, and Q f is the fermion electric charge while the mixing 
terms refer to the interference between two diagrams in Fig. 2. 
The symbol μ is the photon polarization vector; for example, 
 = (0, 0, 0, 1) for polarization along z. Including the photon prop-
agator, the square of the total amplitude is simply,
|M|2 =Mμ1M∗μ¯1 M2μM∗2μ¯
1(
q2
)2 , (8)
and the corresponding differential cross-section times the DM ve-
locity v in the limit of v → 0 becomes4
v
dσ
d
= 1
(2π)5 32m2χ
E3max∫
E3min
dE3
E1max∫
E1min
dE1
2π∫
0
dγ ′|M|2, (9)
where γ ′ is the rotation angle of the ﬁnal state system with re-
spect to the photon direction and the solid angle  indicates that 
only the outgoing photons along the x-axis can reach the earth as 
displayed in Fig. 1. The bounds on the energy of f¯ , given the pho-
ton energy E3 are
E1min =mχ − E32 −
E3
√
mχ
(
mχ − E3
)(
m2χ −mχ E3 −m2f
)
2m2χ − 2mχ E3
E1max = 2mχ − E3 − E1min. (10)
4 For the 3-body phase integral, see, for instance, Ref. [2].
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Fig. 3. Dependence of the differential annihilation cross-sections on E f¯ (left panel) and Eγ (central and right panels), assuming that the DM system is polarized along +zˆ. 
The subscript Z (Y ) of σ refers to the z-polarized (y-polarized) photon. (For interpretation of the colors in the ﬁgure(s), the reader is referred to the web version of this 
article.)The minimum (maximal) E1 occurs when the positron is along 
(against) the photon direction. On the other hand, the upper bound 
on the photon energy E3 is
E3max =
m2χ −m2e
mχ
, (11)
while the minimal E3 is determined by the detector threshold 
of interest.5 As the ﬁnal expression for the differential annihila-
tion cross-section in Eq. (9) is unbearably lengthy and not very 
informative, we present only numerical results in the following 
sections.
4. Photon kinematical distributions and polarization rate
In this section, we discuss kinematics of the photon differential 
distributions and the energy dependence of the polarization rate. 
To simplify the computation, we focus on DM annihilation in the 
GC where the DM density is highest and assume that the initial 
DM system has a total spin of one along the positive z-direction, 
corresponding to θ = φ = 0. It is straightforward to generalize to 
an arbitrary polarization direction.
We start with the differential annihilation cross-section as a 
function of E1 (which is E f¯ ) and E3 (Eγ ) displayed in Fig. 3, 
where the y-axis of all the panels is rescaled such that the to-
tal area below the curve is equal to unity. Given Eγ /mχ = 0.5
and m f /mχ = 0.01, the left panel of Fig. 3 presents the differen-
tial cross-section for the z-polarized photons as a function of E f¯ . 
This demonstrates that the differential cross-section are maximal 
when the photon is aligned with (low E f¯ ) or against (high E f¯ ) 
the direction of f¯ . In other words, the maximum occurs when 
the photon is collinear with either f or f¯ , in consistent with the 
statement in Ref. [19]. In the central panel (for y-polarized pho-
ton) and the right panel (for z-polarized photon) of Fig. 3, where 
5 The cross-section in fact becomes divergent at E3 = 0 and will be regulated by 
the virtue photon exchange. We, nonetheless, are not interested in outgoing photons 
with very low energies.Fig. 4. The ﬂux ratio of the z-polarized to y-polarized photon as a function of Eγ , 
assuming both χ1 and χ2 be polarized along +zˆ.
E f¯ has been integrated over and the red (blue) curve corresponds 
to m f /mχ = 0.01 (0.1), the photon energy spectrum peaks toward 
Eγ → 0 due to the infrared divergence. The minimum of the differ-
ential cross-section occurs when both of f and f¯ are in the same 
direction but opposite to that of the photon.
Fig. 4 shows the ratio of the differential cross-section of the 
z-polarized photon to that of the y-polarized one as a function 
of Eγ , assuming that the DM particles χ1,2 are polarized along the 
positive z-direction. This ratio is equivalent to the ratio of the cor-
responding photon ﬂuxes Z /Y . We present two cases of differ-
ent mass ratios: m f /mχ = 0.1 (blue line) and m f /mχ = 0.01 (red 
line). It is clear that outgoing photons are more likely to have the 
polarization along the z- than y-direction.
In general, the photons with larger energies are more likely to 
be polarized along the z-direction than those with smaller ener-
gies. It can be understood in a naive argument based on angu-
lar momentum conservation as follows. First, the electric current 
couples a left-handed particle to a right-handed anti-particle (or 
a right-handed particle to a left-handed anti-particle). Second, in 
the massless limit, the fermion chirality coincides with the helicity, 
which is the projection of the spin onto the direction of momen-
W.-C. Huang, K.-W. Ng / Physics Letters B 783 (2018) 29–35 33Fig. 5. The pictorial explanation of why Z /Y increases as Eγ becomes larger. For 
the energetic photon, the spins of the pair fermions cancel out so that the photon 
is polarized along the same direction as the total angular momentum of the initial 
DM system, i.e., +zˆ.
Fig. 6. The pictorial explanation of how a chirality ﬂip (a mass insertion) can in-
crease the possibility of having the z-polarization for the low-energy photons.
tum. Third, for the high-energy photon with f and f¯ moving in 
the same direction, the spin angular momenta of f and f¯ cancel 
each other such that the polarization of the photon has to be in 
the z-direction to conserve the angular momentum as displayed 
in Fig. 5, given that the initial DM system has L = 0 and S = +zˆ. 
Consequently, the high-energy photons tend to be polarized along 
the z-direction. By contrast, for the low energy photon, the spins 
of the fermion pair add up to unity along the x-direction. In this 
case, a nonzero orbital angular momentum of the ﬁnal states is re-
quired to conserve the total angular momentum, rendering Z /Y
smaller.
On the other hand, it is noticeable that with a larger value of 
m f /mχ the photon polarization becomes more pronounced. For 
the low-energy photons, it can be explained by a chirality ﬂip due 
to the existence of the mass term as displayed in Fig. 6. To be more 
concrete, because of the mass term, there exists a ﬁnite possibil-
ity that even the right-handed f¯ can have a left-handed helicity – 
heavier mass, higher probability – so that the spins of the fermion 
pair cancel each other, leading to the z-polarized photon. On the 
other hand, for the high-energy region, with larger m f /mχ the Y
decreases more dramatically than Z as the energy increases. This 
can be seen by comparing the blue lines between the central and 
right panels of Fig. 3. As a result, Z /Y becomes much larger for 
Eγ /mχ close to unity.
5. Estimation of polarized photon ﬂux
As explained above, the only annihilation process with nonzero 
spin is induced by the operator χ¯1γ μχ2∂ν Fμν , which can be 
rewritten as χ¯1γ μχ2 f¯ γμ f . The expected photon ﬂux on Earth Fig. 7. γ ﬂux from DM annihilation.
from DM annihilation χ1χ2 → f¯ f at the GC followed by ﬁnal state 
radiation (see Fig. 2) is6
d
ddEγ
= r
4
(
ρ
mχ
)2
J
∑
f
dσ(χ1χ2 → f¯ f γ )
ddEγ
v , (12)
where ρ = 0.3 GeV/cm3, r = 8.33 kpc, and v is the relative ve-
locity between χ1 and χ2, while J stands for the J factor, cor-
responding to the DM density (squared) integral along the line of 
sight given a solid angle d:
J =
∫
l.o.s
ds
r
(
ρ
ρ
)2
. (13)
Here, we assume χ1 and χ2 have the same density and be polar-
ized along +zˆ. This results in an anisotropic system. Then, instead 
of the conventional assumption of the isotropic photon distribu-
tion that leads to a factor of 4π in the denominator, dσ/ddEγ is 
employed in Eq. (12) and can be computed based on Eq. (9).
On the other hand, the same operator will also give rise to siz-
able spin-independent DM-proton interactions χ(1,2)p → χ(2,1)p,
σDM-p = e
4μ2
π43
, (14)
where μ is the reduced mass of the DM-proton system and the 
coupling constant g in Eq. (3) is set to the electric coupling e. For 
mχ below 5 GeV or so, the bounds on the spin-independent DM-
nucleon cross-section become much weaker, implying a smaller 
3 and hence a larger photon ﬂux from χ1 − χ2 annihilation. In 
Fig. 7, we show the expected γ -ray ﬂux for 1 GeV (blue solid 
line) and 4 GeV (red solid line, which is the ﬂux multiplied by 
a factor of 100), while the purple dashed line represents the 
GC γ -ray excess taken from Ref. [28] for the region of interest, 
|| ≤ 20◦ and 2◦ ≤ |b| ≤ 20◦ , which has J = 25.8, assuming the 
Navarro–Frenk–White (NFW) DM proﬁle [29]. The entries in the 
parentheses indicate the values of mχ and 3 respectively, where 
σ SIDM-nucleon ≤ 9 ×10−39 (1.7 ×10−41) cm2 for DM of 1 (4) GeV from 
the CRESST-II [30] (CDMSlite [31]) experiment are used. Clearly, 
DM of 4 GeV is more constrained by direct detection than 1 GeV 
DM, resulting in a larger value of 3 and thus a smaller photon 
ﬂux. For 1 GeV DM, the photon ﬂux is comparable to the GC γ -ray 
excess. Note that the values of 3 assumed here actually lead to a 
smaller DM annihilation cross-section than required, i.e., one will 
end up with a too large DM relic density. This issue can be solved 
6 For DM-induced photon ﬂux computations, see, e.g., Ref. [27] for more details.
34 W.-C. Huang, K.-W. Ng / Physics Letters B 783 (2018) 29–35by including 1 and 2 terms in Eq. (3) to increase the DM an-
nihilation rate during freeze-out, but the polarization rate will be 
reduced as the γ5 terms have L = S = 0 contributions.
To conclude, the possibility of detecting polarized photons will 
depend on how many of DM particles at the GC are polarized 
and also depend on the DM mass. For a light DM below 5 GeV, 
a preferred direction for the photon polarization could potentially 
be detectable if a signiﬁcant part of the DM particles is polarized 
along a certain direction around the GC. For heavier DM, the pho-
ton ﬂux is hopelessly small because of the stringent direct search 
bounds.
6. Conclusions and outlook
The azimuthal angle of the plane of production of an electron-
positron pair created in a γ -ray detector provides a way of mea-
suring linear polarization of incoming γ rays. The current γ -ray 
detectors are not designed primarily for polarization measurement. 
Instruments sensitive to linear polarization will be employed in fu-
ture γ -ray experiments such as AdEPT and ASTROGAM, with the 
minimum detectable polarization (MDP) from a few percents up to 
20% or so [32].
In this work, we have proposed a simple phenomenological 
model where two types of Majorana DM particles, degenerate in 
mass, have anapole interactions. The anapole interactions can po-
larize the spins of DM in the presence of electric currents at the 
GC, and in turn the linearly polarized γ -ray ﬂux from DM annihila-
tions can be realized. The degree of polarization of the γ rays can 
reach as much as 70% at the DM mass threshold, given the mass 
ratio of the ﬁnal state fermion to DM being 0.1. For a larger mass 
ratio, a higher polarization rate is expected. For DM mass of about 
1 GeV, the γ -ray ﬂux can be comparable to the γ -ray excess in 
the GC. The origin of the GC excess is still a puzzle, probably com-
prised of diffuse γ rays from multiple components of many differ-
ent sources and thus being most likely unpolarized. Therefore, any 
detection of polarized γ rays may give an invaluable understand-
ing of the GC excess. Even though the DM induced γ -ray ﬂux is an 
order of magnitude below the GC excess, the polarization measure-
ment can still be used to identify a highly polarized γ -ray signal. 
In addition, the photon ﬂux induced by GeV DM has a plateau 
shape extending to sub-GeV energies, though the degree of po-
larization drops to  10%. This polarized low-energy γ -ray signal 
may be of interest to current X-ray telescopes such as the POLAR 
satellite, which is a X-ray polarimeter sensitive to an energy up to 
0.5 MeV with a 10% MDP [33]. In addition, the Advanced Energetic 
Pair Telescope (AdEPT [34]) and the time projection chamber as 
a gamma-ray telescope and polarimeter (HARPO [35]) have been 
proposed to study the photon polarization at few percent level for 
the sub-GeV energy range.
As we have explained how the spins of anapole DM can be 
aligned with the electric current ﬂow in the GC, unfortunately it 
is rather diﬃcult to determine the degree of alignment without 
knowing the details of the formation of the dark halo and the ac-
cretion disk. A low degree of alignment will deﬁnitely degrade the 
detectability of a polarized signal. Here we stress that the present 
paper has given a ﬁrst attempt to investigate a possible linearly
polarized γ -ray signal from DM annihilations. It is certainly im-
portant to explore further along this direction for making full use 
of the polarization capability of future γ -ray detectors.
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